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has been suggested to offset fluid shear stress-medi-
ated calcium influx in vascular endothelium, which de-
pends on ATP binding to P2X4 receptors (Yamamoto et
al., 2003). Mechanically stimulated calcium mobilization
also requires ATP in human airway submucosal gland
epithelium (Guyot and Hanrahan, 2003), which may be
important in the Tschumperlin model. These studies
point toward a new paradigm for mechanotransduction
in which a delicate balance among convective transport,
enzyme activity, and receptor and ion channel activation
requires an intact glycocalyx.
In summary, the novel mode of mechanotransduction
proposed by Tschumperlin et al. remains to be verified
in the lung in vivo. But gradients of hydrostatic pressure
generally give rise to fluid convection, which can influ-
ence signal transduction through altered transport of
bioactive molecules in many systems. The work from
Figure 1. Smooth Muscle Constriction of the Airway Wall Buckles Tschumperlin et al. increases the pressure to elucidate
the Epithelium and Creates a Complex Mechanical Profile
these mechanisms.
According to the model of Tschumperlin et al. (2004), pressure is
exerted on apical surfaces in regions within folds (blue arrows). Cells
in other regions are likely to experience different forces due to Brian P. Helmke1,3 and Martin A.
curvature of the epithelial layer. Tension (green arrows) acts on tight Schwartz1,2,3
junctions in cells facing the lumen, and compression (red arrows) 1Department of Biomedical Engineering
of the LIS near basal surfaces further supports the Tschumperlin 2 Department of Microbiology
model. However, at the bottom of the folds, apical tight junctions 3 Cardiovascular Research Centerare compressed, and tension near the basal aspects may serve to
University of Virginiaexpand LIS volume locally (yellow, exaggerated for clarity). Although
Charlottesville, Virginia 22908the basement membrane probably provides mechanical stability,
its role in remodeling and mechanotransduction remains unknown.
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are carried to microtubule plus ends by kinesin motorCLIP-170 Family Members:
proteins. These findings indicate a complex interplayA Motor-Driven Ride between microtubule-associated proteins and sug-
gest a novel mechanism by which kinesin proteinsto Microtubule Plus Ends
stabilize microtubules.
Microtubules form through the polymerization of tubulin,CLIP-170 family proteins regulate microtubule plus
end dynamics. Two reports published in this issue of a heterodimer of - and -tubulin. Due to the polar as-
sembly of tubulin, microtubules have two structurallyDevelopmental Cell show that Bik1 and tip1p, the
CLIP-170-like proteins of budding and fission yeast, distinct ends, of which the plus end is more dynamic
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than the minus end. In vivo microtubule polymerization Kip2, and the dynein complex in stabilization of microtu-
is generally initiated at microtubule organizing centers bule plus ends and in the attachment of microtubules
(MTOCs) such as the mammalian centrosome or the to the cell cortex.
yeast spindle pole body (SPB). The microtubule plus In the cylindrical fission yeast, the CLIP-170 homolog
end is directed away from the MTOC and can interact tip1p protects the plus end of interphase microtubules
with kinetochores or the cell cortex (reviewed by Howard from catastrophe when they touch the sides of the cell
and Hyman, 2003). cortex. This guides the growing microtubules toward
Microtubules are dynamic and constantly switch be- the specialized cell tip, where the microtubules undergo
tween phases of growth and shrinkage, a phenomenon catastrophe and depolymerize. The spatial regulation of
known as dynamic instability (Mitchison and Kirschner, microtubule catastrophe enables fission yeast cells to
1984). In cells, this intrinsic property of microtubules is target polarity factors to opposite cell ends. As a conse-
strongly influenced by microtubule-associated proteins quence, cell growth is restricted to the opposite ends,
(MAPs). One group of MAPs, the plus end binding pro- enabling cells to grow in a straight line (Hayles and
teins (or TIPs), bind to and stabilize growing microtu- Nurse, 2001).
bule plus ends. Mammalian CLIP-170 is the prototypical How cell tips induce microtubule catastrophe is still
TIP (Perez et al., 1999) and links microtubule plus ends unknown. However, Busch et al. (2004) provide impor-
to kinetochores, endocytic vesicles, and the leading tant data on the assembly, composition, and interdepen-
edge of migrating cells (Howard and Hyman, 2003). dency of proteins that protect the plus end of interphase
So how do CLIP-170 proteins bind to microtubule
microtubules. They show that the motor activity of tea2p
ends? Mammalian CLIP-170 binds directly to growing
directly drives the movement of tip1p from the cell centermicrotubule plus ends and then “treadmills” along these
along microtubule tracks to microtubule plus endsends to maintain the association with the extending mi-
(Browning et al., 2003; Busch et al., 2004). Tip1p, oncrotubule tip (Perez et al., 1999). In surprising contrast,
the other hand, although not essential for microtubuleBusch et al. (2004) and Carvalho et al. (2004) now provide
binding and transport, stabilizes tea2p and is requiredconvincing evidence that the budding and fission yeast
for efficient plus end binding of tea2p (Busch et al.,CLIP-170 homologs Bik1 and tip1p form complexes with
2004). An additional MAP that is important for the tar-the kinesin proteins Kip2 and tea2p, respectively, which
geting of tip1p is the EB1 homolog mal3p, which local-transport the CLIP-170 proteins to the plus end of micro-
izes to growing microtubule ends independently oftubules. Thus, CLIP-170 family members seem to be
tea2p and may function as a plus end docking proteintargeted to microtubule plus ends in different species
for the tea2p-tip1p complex (Busch and Brunner, 2004;by different mechanisms. In addition, the kinesin-depen-
Busch et al., 2004). This role of EB1 is not conserved indent localization of CLIP-170 proteins to microtubule
budding yeast (Carvalho et al., 2004) and may thereforeplus ends explains the role of Kip2 and tea2p in microtu-
be required for the regulation of spatial microtubule ca-bule stabilization (Browning et al., 2003; Cottingham and
tastrophe in fission yeast. The identification of the tea2p-Hoyt, 1997) and suggests a new way in which microtu-
tip1p-mal3p complex at microtubule plus ends is anbule motors regulate microtubule ends. This is in con-
important step toward an understanding of how microtu-trast to the KinI/MCAKs (mitotic centromere-associated
kinesins), which bind to microtubule ends and use the bule catastrophe is regulated by the cell cortex. It will
energy of ATP hydrolysis to directly remove tubulin sub- now be crucial to identify the proteins that modify the
units (Desai et al., 1999). tea2p-tip1p-mal3p complex when microtubule ends
In budding yeast, astral microtubules align the nuclear touch the cell tip.
spindle parallel to the length axis of the cell (mother-bud Mammalian CLIP-170 binds to growing microtubule
axis) and so ensure that anaphase spindle elongation plus ends without apparent requirement of a motor-
results in the segregation of one set of chromosomes dependent transport process (Perez et al., 1999). How-
into the bud (daughter cell). The interaction of astral ever, it seems important to reevaluate these data, as
microtubule plus ends with the cell cortex is critical for the in-transit Kip2-Bik1 and tea2p-tip1p complexes
spindle positioning. A complex of the EB1-like protein were only detected with improved imaging systems
Bim1 and the Kar9 protein facilitates the interaction of (Busch et al., 2004; Carvalho et al., 2004); perhaps a
astral microtubule plus ends with the bud cortex until similar mechanism does in fact operate in mammalian
metaphase of mitosis (reviewed by Segal and Bloom,
cells. Alternatively, the affinity of the yeast CLIP-170
2001). A second dynein-dependent pathway provides
homologs for microtubule plus ends could be too lowthe force for nuclear movement in anaphase. Genetic
for direct binding. The binding of TIPs to microtubuledata indicated that the CLIP-170 Bik1 and the kinesin
plus ends may also be more competitive in yeast thanmotor Kip2 function together with dynein. Carvalho et
in mammalian cells. The motor driven transport of CLIP-al. (2004) provide a molecular understanding of the role
170 proteins would then displace other “blocking”of Bik1 and Kip2 in the dynein pathway. Elegant experi-
TIPs from microtubule ends. In any case, the kinesin-ments show that Kip2, in a complex with Bik1, moves
related protein-dependent transport of Bik1 and tip1palong astral microtubules to their plus ends. Kip2 is not
to microtubule plus ends offers ample opportunities foronly essential for the efficient association of Bik1 with
regulation. For example, Kip2 protein levels are cell cy-astral microtubule plus ends; it is also required for the
cle regulated, peaking during mitosis (Carvalho et al.,plus end localization of dynein, suggesting that Kip2
2004). This most certainly is one of the factors that pro-provides a more general platform for the assembly of
mote the switch from the Bim1-Kar9 pathway to theMAPs at microtubule plus ends. The next challenge is
to identify and understand the specific roles of Bik1, dynein pathway in mid-mitosis. It will now be important
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